SUMMARY A survey of 303 urban and 156 rural children showed nasopharyngeal carriage of relatively resistant Streptococcus pneumoniae organisms in 14-2% and 19-2% of children, respectively. These organisms have minimum inhibitory concentrations for penicillin in the range of 012-1 [tg/ml.
All the strains were susceptible to chloramphenicol and vancomycin, while the minimum inhibitory concentrations of third generation cephalosporins and imipenem were comparable with or lower than those of penicillin. Eighty three per cent of the strains tested belonged to serogroups 6 and 19. These findings are discussed in relation to the poor clinical response to treatment with penicillin for relatively resistant S. pneumoniae meningitis, and the minimum inhibitory concentrations of alternate agents under review for treatment of systemic pneumococcal disease are presented.
Penicillin G has been the drug of choice for the treatment of infections due to Streptococcus pneumoniae for many years. The isolation of a pneumococcus showing increased resistance to penicillin' and the subsequent isolation of resistant strains in the community2 raised the possibility of widespread emergence of these strains and of therapeutic failures with penicillin in the treatment of pneumococcal infections. The possibility of such a prospect was, however, considered to be extremely remote,3 especially in view of the isolated populations in which the resistant organisms occurred and widespread penicillin prophylaxis given to the community concerned. 5 ,tg methicillin disks were used to assess susceptibility of the pneumococci to penicillin as zone diameters around these disks correlate more accurately with penicillin G minimum inhibitory concentrations than the use of 6 ,ug penicillin disks. 12 Strains showing resistance to methicillin on the disk diffusion plates were tested by the dilution technique to obtain minimal inhibitory concentrations. Dilutions of 15 antimicrobial agents as well as of penicillin were prepared and incorporated into Columbia oxoid agar plates containing 10% horse blood (except the trimethoprim and co-trimoxazole plates, which contained 5% lysed horse blood). A final inoculum of 104 colony forming units in 0-01 ml was applied to all of the plates using a Steers multipoint inoculator. The suspension of organisms was prepared from 10% serum broth. Minimum inhibitory concentration end points were determined after 18 hours incubation at 37°C.
Surveillance methods
Nasopharyngeal swabs were taken from all children aged under 5 years and the adult staff of three day care centres and a children's orphan home in Soweto. Similarly, nasopharyngeal swabs were taken from children aged under 5 from four rural villages in the north eastern Transvaal area of South Africa. The villages were isolated from each other and were all at least 30 kilometres from the nearest urban area. The children from whom nasopharyngeal swabs were taken in each village were all those living in a geographical area chosen by randomised cluster analysis. Our findings show very high rates of carriage of relatively resistant S. pneumoniae in black children. These observations give cause for concern given that there was no demonstrable antibiotic pressure for selection of resistant mutants in the communities and penicillin is only obtainable on prescription in South Africa. Indeed, the exposure to antibiotics in a rural community is low. The rate of carriage of resistant strains will probably vary with time as new pneumococcal strains are acquired or lost. The average duration of carriage of serotype 14 and serogroups 6, 19, and 23 in children has been shown to be roughly four months.2" In support of these data we were only able to identify one carrier of group.bmj.com on April 10, 2017 -Published by http://adc.bmj.com/ Downloaded from relatively resistant S. pneumoniae out of 11 retested six months after the initial study in the rural children (unpublished observations).
Results
Carriage of pneumococci has been correlated with the emergence of clinical disease'3 to the extent that roughly one in six children colonised by new strains of pneumococci will develop disease due to that strain.20 The emergence of a multiply resistant pneumococcus causing meningitis in an infant was linked to the nasopharyngeal carriage of similar organisms by children at the infant's day care centre.21 The relatively resistant S. pneumoniae serotypes isolated in this study are responsible for the majority of serious pneumococcal diseases in children. Pneumococci of serogroups 6 and 19 together with serotype 14 are responsible for 28-57% of pneumococcal bacteraemias in children. [22] [23] [24] [25] [26] It is of concern that infections caused by relatively resistant S. pneumoniae strains have been associated with a poor response to treatment with penicillin, especially in meningitis.4i11 These reports suggested that penicillin concentrations in the cerebrospinal fluid (CSF) may be inadequate to cover infections with organisms in the minimum inhibitory concentration range of 0 1-1 0 ig/ml in the CSF during adequate treatment for meningitis. As a result of this, attempts have been made to find alternate therapeutic approaches to pneumococcal meningitiS.27 28 It is therefore important that we take seriously reports that penicillin resistant pneumococci are circulating and causing disease. This was well documented in Papua New Guinea and in mine workers in South Africa. Now we have a similar account of such organisms circulating among children in South Africa. Pneumococci are carried in the respiratory tract (and the rates are usually much higher in these countries than they are in the United Kingdom) and penicillin is widely used to treat infections, particularly of the respiratory tract. Thus it seems that over the years organisms have been selected with increased resistance to the drug. Although drug resistant mutants of bacteria may be of reduced pathogenicity, unfortunately, at least some of these pneumococci are apparently fully pathogenic.
Thus it seems there are two lessons to be learned. Firstly, that it is not true that Streptococcus pneumoniae is always fully sensitive to penicillin and will remain so. We should therefore adjust our use of the drug to reduce the selection pressure on the organism-that is, by prescribing it only when really needed and in appropriate doses. Secondly, in spite of all our efforts in this country resistant organisms may reach us here from elsewhere. If they do it will be necessary to assess their sensitivity to other drugs and plan new treatment regimes. If that occurs a careful study of this paper could be very helpful.
